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Experimentally, one finds that pion production in the D resonance region is dominated by the M 11 multipole. At four-momentum transfer Q 0, polarized photon experiments have established the presence of a small but nonzero E 11 component [2] . Similarly, nonvanishing S 11 and E 11 amplitudes have been determined in several electron scattering experiments [1] . In order to reliably associate such information with subtle features of baryon structure, models are required that can accurately describe the reaction mechanism of g ‫ء‬ p ! pN and that are able to disentangle resonant from nonresonant contributions. A dispersion relation approach has been used to single out the importance of such nonresonant contributions, even in the so-called "resonant" multipoles M [5] (here, the superscript specifies the isospin channel); dynamical model approaches tend to show large nonresonant contributions as well, due to pion rescattering [6, 7] ; the role of the pion cloud [8] or two-body exchange currents [9] in quark models has been stressed in several articles. Furthermore, it was shown in a nonrelativistic consistent quark model calculation that exchange currents alone can generate nonzero E 3͞2 11 and S 3͞2 11 amplitudes, without the need of a D-state admixture in the baryon wave function [10] . Ultimately, a model should be developed which consistently describes both baryon structure and the reaction mechanism.
Here, we present the results of the first experiment in which both longitudinal and transverse spin correlation parameters of the 1 H͑ e, e 0 ͒ reaction have been measured in the D͑1232͒ resonance region. The experiment covered a Q 2 range from 0.2 (elastic scattering peak) to about 0.08 GeV 2 ͞c 2 (at W ഠ 1.3 GeV, with W the invariant mass of the undetected particles). The spin-dependent differential cross section for inclusive scattering of longitudinally polarized electrons (beam energy E, polarization P e ) from a polarized proton target (mass M p , polarization P p oriented in the scattering plane) is given by (see, e.g., in Refs. [3, 4] )
with a the fine-structure constant, E 0 the energy of the scattered electron, and n E 2 E 0 the transferred energy. The polar and azimuthal angles of the target polarization axis are denoted with u ‫ء‬ and f ‫ء‬ in the right-hand frame, 
where the y axis is defined by the vector product of the incoming and outgoing electron momenta, k 3 k 0 , and the z axis is along the three-momentum transfer q k 2 k 0 . Furthermore, e 21 1 1 ͑2q 2 ͞Q 2 ͒ tan 2 ͑u e ͞2͒ with u e the electron scattering angle. The spin-averaged part of the cross section, s 0 ϵ s T 1 es L , contains the usual longitudinal (s L ) and transverse (s T ) terms. In our experiment, we determine the quantity A ϵ ͑s 1 2 s 2 ͒͑͞s 1 1 s 2 ͒, where s 6 are given by Eq. (1) with P e P p 61. In the following, we call A kqD and A ЌqD the observable A which we measured with the target polarization axis antiparallel (u ‫ء‬ p) and perpendicular (u ‫ء‬ p͞2, f ‫ء‬ 0) to the average direction of q for W 1232 MeV. From these we can determine both A TT 0 and A TL 0 .
Inclusive scattering measures the total virtual photon absorption probability. When compared with exclusive scattering experiments, the interest of this approach lies in the reduced sensitivity to final-state interaction and in the fact that different interference terms contribute to the cross section. For instance, in the inclusive ep reaction the M 11 multipole interferes only with the E 11 and S 11 multipoles (or with itself, as in A TT 0 ), in contrast to the case of exclusive reactions. Since in the D resonance region M 11 dominates, other multipole contributions are suppressed with respect to those of E 11 and S 11 .
The experiment was performed with a polarized gas target internal to the Amsterdam Pulse Stretcher (AmPS) storage ring, as shown in Fig. 1 . An atomic beam source (ABS) [11] was used to inject a flux of 6 3 10 16 atoms͞s (in two hyperfine states) into the Ø12 mm feed tube of a cylindrical storage cell cooled to 70 K. The cell had a diameter of 15 mm and was 60 cm long, resulting in a typical target thickness of 10 14 protons͞cm 2 . An electromagnet was used to provide a guide field of 0.04 T over the storage cell. The sign of the target polarization was varied every 8 s by switching on and off high-frequency transitions in the ABS. The injected atomic beam intensity and polarization were optimized and monitored by sampling a fraction of the atomic beam through a Ø4 mm hole in the storage cell into a Breit-Rabi-type polarimeter (BRP).
Polarized electrons, produced by photoemission from a strained-layer semiconductor cathode (InGaAsP), were accelerated to 720 MeV, and stacked in the AmPS storage ring. Beam currents of more than 100 mA with a lifetime in excess of 15 min were obtained. Every 5 min, the remaining electrons were dumped, and the ring was refilled after reversal of the electron polarization at the source. The polarization of the stored electrons was maintained using the "Siberian Snake" principle [12] . The electron beam polarization was checked and optimized at the source with a Mott polarimeter [13] and in the ring with a Compton backscattering polarimeter [14] .
Scattered electrons were detected in the largeacceptance magnetic spectrometer Bigbite [15] of 96 msr (see Fig. 1 ). This setting resulted in a central value of Q 2 0.2 GeV 2 ͞c 2 for elastic scattering (W 938.3 MeV) and Q 2 0.11 GeV 2 ͞c 2 for the D resonance (W 1232 MeV). The contribution of events due to electrons scattering from the cell has been taken into account by subtracting from the total rates the normalized rate of cell events, which we measured intermittently with an empty storage cell. The presence of target gas in the cell may change the background event rate, e.g., because of an emittance increase of the stored electron beam due to trapped ions. We monitored this by analyzing event rates in a kinematical region dominated by scattering from the cell walls. The cell event rate was found to be on average 1.73 6 0.13 times higher when injecting hydrogen into the cell, and its contribution amounted to 2.8% at the elastic scattering peak and 43% at the D resonance.
In this work, we compare our data to predictions from the models of Drechsel et al. [16] (MAID) and of Sato and Lee (SL) [7] . Both models start from an effective Lagrangian approach that includes light meson (p, r, and v), nucleon (N and N ‫ء‬ ), and photon fields. They both satisfy gauge invariance and differ mainly in the way of implementing unitarity and constraining model parameters from data. To compare these theoretical results to our data, while taking into account finite acceptance effects and small variations of the target field angle over the cell region, we developed a Monte Carlo (MC) code that interpolated the model predictions between a dense grid of calculations over the entire kinematical range and detector acceptance. Furthermore, we have taken into account radiative effects by incorporating the fully spin-dependent code POLRAD [17] into our MC simulation. Figure 2 shows the total event distribution as a function of invariant mass in comparison with the MC simulation results obtained while using the cross section from the MAID model. The distribution was corrected for the background contribution due to cell events and for dead time. The target density was determined by normalizing the MC results to the data in the region of the elastic scattering peak as indicated by the open circles. The dotted and dot-dashed curves show the contributions from elastic and pionproduction processes (including radiative effects). The inset of Fig. 2 shows the cross section extracted from our measured rates after subtracting the elastic scattering tail and correcting for radiative effects. The shaded area represents the size of the systematic uncertainty. The [16] . The dotted and dot-dashed curves show the contributions (with radiative effects) of elastic and pion-production processes. The data used for normalizing the luminosity are shown with open circles. Top-right inset: nonradiated cross section in the resonance region extracted from the data and compared with the prediction of the MAID (solid curve) and SL models (dashed curve) [7] . The shaded band shows the systematic uncertainty. results are consistent with the cross section of the MAID model (solid curve) and the SL model (dashed curve). We averaged the model cross sections with our MC code over the Q 2 acceptance of the experiment for each W bin. The top scale of the inset indicates the average Q 2 for each W bin.
Provided the beam and target polarization product P e P p is known, the physics asymmetry A can be determined from an experimental asymmetry defined as A exp ϵ ͑n 1 2 n 2 ͒͑͞n 1 1 n 2 ͒ P e P p A, where n 6 are the numbers of events that pass the selection criteria, with either positive or negative polarization product, and normalized to the integrated luminosity for that state. Here, the rates n 6 are corrected for the background contribution due to cell events and for dead time. In our experiment, we determine the polarization product by normalizing the elastic scattering asymmetry to the predicted value. This asymmetry can be accurately calculated from the well-known elastic electron-proton scattering form factors (see, e.g., Ref. [3] ). In this way, we determined P e P p 0.191 6 0.007 (0.131 6 0.013) for the parallel (perpendicular) spin orientation. The given uncertainties are dominated by the statistical accuracy. Note that, due to the large acceptance of the electron spectrometer, elastic scattering events were measured simultaneously to pion-production events. proportional to the signal-to-background ratio. Note that since the elastic scattering radiative tail contributes about 15% to the rates in the resonance region and since the elastic scattering asymmetry is sizable in these kinematics, a spin-dependent treatment of radiative effects is essential for comparing the measured asymmetries to model predictions. In Fig. 3 , we compare our results to the MAID and SL model predictions. These were folded over the detector acceptance with our MC code, while radiative effects were taken into account with POLRAD. Both models describe reasonably well the global behavior of our spin correlation data. In particular, the data suggest steep slopes at the sides of the resonance region, where nonresonant processes are expected to dominate. These slopes are well reproduced by the models.
The agreement between the models and our data may be improved by adjusting the quadrupole strengths, which are relatively unconstrained model parameters. This is shown in the graphs of Fig. 3 Here, N DF is the number of degrees of freedom in the x 2 minimization. As for the spin correlation data, the quoted systematic errors for the R EM and R CM are dominated by the uncertainties stemming from the cell background contribution, but include as well the contributions from the normalization of the polarization product and the magnetic field angles.
In summary, we have presented cross sections and first data on the spin correlation parameters A TT 0 and A TL 0 in the invariant mass range covering the D resonance region in inclusive electron-proton scattering. These data provide a stringent test for model predictions of polarization observables in electroproduction of pions. We compared our results to the theoretical models of Drechsel et al. (MAID) and Sato and Lee. Both give a reasonable description of our data over the entire D resonance region.
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